Introduction
Numerous psychobiological and psychosocial factors may influence development during the first years of life (Stein et al. 2015) . Given that the risk factor profiles of low-and middle-income countries (LMICs) differ from those of developed countries, research on risk and protective factors in these countries is essential to ensure that children reach their full cognitive potential (MurrayKolb et al. 2014) . Risk factors such as low socioeconomic status, an adverse family environment and a lack of adequate stimulation and learning opportunities for development have a cumulative negative impact on development (Grantham-McGregor et al. 2007; Murray-Kolb et al. 2014; Rademeyer & Jacklin 2013; Saloojee & Pettifor 2005; Stein et al. 2015) . These and other negative social influences characterise many communities in South Africa. Early intervention is therefore essential to counter the effect of these factors and prevent or address developmental delays.
Interventions to help children at emotional, medical and nutritional level have been initiated in some local communities. From an intellectual support perspective, the government provides education from Reception to Grade 12, and approximately a third of younger age groups also attend an educational institution (Statistics South Africa 2014). However, in socioeconomically disadvantaged settings, barriers to learning are already present in the early grades (Wildschut, Moodley & Aronstam 2016) . Many South African learners seem unprepared for formal education and there is a need for development programmes that are implemented in early childhood. Funding limitations, lack of public facilities for early childhood activities and limited community participation have been listed as factors that prevent a standardised system for supporting such programmes (Department of Basic Education 2001) . Privately initiated educational programmes are available to preschool and school-aged children but there is limited availability of programmes for infants and toddlers that are accessible in ways other than through educational institutions.
Early mental development has been linked to preschool cognitive and behavioural outcomes (Hsiao & Richter 2014) , and the intellectual stimulation of infants and young children by means of early childhood development programmes has been shown to correlate with achievement in school and in life (Frede et al. 2009 ). Furthermore, early interventions that focus on the development of skills in infants and young children could increase the effectiveness of later interventions (Heckman 2006) . Richter, Mabaso and Hsiao (2016) referred to the greater prevalence of developmental delays in LMICs and the consequent need for early identification and prevention of delays.
Development in the brain begins within the first month of conception, and by 6 months of the gestational age, most neurons of the mature brain exist (Huttenlocher & Dabholkar 1997) . Synapses are formed across neurons and dendrites to enable the storage of new information as the brain is stimulated by experiences from the environment, and a process of pruning, in turn, eliminates unnecessary and superfluous or surplus (i.e. inactive) connections. Synaptogenesis begins early in gestation but exuberant synaptogenesis characterises the period before birth until approximately 2 years of age. The first year of life is critical for brain growth as this is a time when many of the sensitive periods for the connection of the neural pathways overlap. Development of the visual and auditory cortex, as well as the receptive language and speech production areas of brain development, peaks during this period (GranthamMcGregor et al. 2007 ). In the first year, there is also rapid development in terms of infant motor coordination and balance (Knickmeyer et al. 2008) . Theoretically, activity and sensorimotor experience are necessary for cognitive development, and research supports the dependent development of motor and cognitive skills (e.g. Campos et al. 2012) . The aim of the intervention programme used in the present study was to stimulate the infant at the stage where synapses are being connected through auditory and visual stimulation by strengthening synapse connections for numbers, shapes and colours.
In the Numbers in Nappies programme flashcards of numbers, shapes and colours are used to stimulate the image brain (Van Vuuren 2014). The latter is dominant between the ages of 0 and 3 (Shichida 1993 ) and allows immediate access to information that was stored in the memory (i.e. what the infant saw on the flashcard). The left brain relies on repetition to absorb information and the concepts of numbers, shapes and colours are therefore taught in isolation and repetitively. The number concepts are presented visually by means of the flashcards and auditorily through the parent's voice, thus using these dominant means to strengthen synaptic connections during the first year of life.
During this period, vulnerability to negative influences is high, but there are also great opportunities for unlocking potential with the assistance of intervention programmes (Allen & Duncan Smith 2008) . The impact of the social environment and the caregiver relationship on cognitive and social-emotional development is supported by theory and practice (e.g. Murray et al. 2016) . Vygotsky (1978) distinguished between lower mental functions present at birth and complex mental activities that require mediation to develop. Developmental opportunities are created in the way the caregiver communicates and stimulates the child. In the early days of an infant's life, he or she can recognise the mother's voice and prefers it over other sounds (Cooper & Aslin 1994) . Studies with infants and toddlers show that reduced verbal interaction could cause delays in language development (Christakis et al. 2009 ), whereas regular reading to young children improves their language ability (Richert et al. 2010) . Given the value of personal interaction in early stimulation and infant learning, this was used as the medium for presenting the present programme.
The Numbers in Nappies programme comprises individual experiences provided by the parents as opposed to typical everyday experiences that contribute to brain development. A review of existing programmes showed that there are locally developed or adapted programmes available but these are primarily aimed at infants with a specific delay (e.g. Russel et al. 2016) . These programmes therefore target developmental functions associated with this delay. It was decided rather to develop a programme comprising a set of theoretically based activities aimed at the broader infant population.
The present study explored the effect of infant exposure to an early childhood development programme aimed at the sensory developmental stage of the infant's brain. The Numbers in Nappies programme consists of flashcards with numbers, shapes and colours and the programme stimulates development through parent involvement. The objective of this study was to explore whether early infant exposure to brain stimulation in this form increases the infant's cognitive processing potential.
Research method and design

Study design
An intervention group participated in the Number in Nappies programme and their performance on the composite scales of the Bayley Scales of Infant and Toddler Development -Third Edition (BSID -III) was compared before and after the intervention. The performance of the intervention group was also compared to that of a control group before the intervention (to ensure that the groups were matched in terms of ability) and after the intervention (to determine the impact of the programme).
Study population and sampling strategy
Purposive sampling was used to select infants between the ages of 3 and 12 months at the commencement of the research.
Only infants who had not been diagnosed with any developmental problems and who had no history of any health problems or physical defects were included in the sample. Potential participants were recruited through local baby clinics and nursery schools in the Western Cape. Interested parents were interviewed and the details of the study were provided.
The content and presentation format of the Numbers in Nappies programme make it intellectually and economically accessible to infants across all socioeconomic sectors. Participants from different income groups partook in a pilot study to refine the presentation procedures. However, to limit differences in developmental opportunities, it was decided to focus on the middle-income sector during this initial evaluation of the impact of the programme on the cognitive processing potential of infants. The definition of Statistics South Africa (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) was used to screen participants in terms of whether they lived in formal housing and whether this housing included electricity, running water, etc.
The realised sample consisted of 63 infants (17% mixed race, 8% black and 75% white), with 29 infants in the intervention group and 34 infants in the control group. Gender representation was approximately equal and the two groups were matched as far as possible in terms of age, gender and race (see Van Vuuren 2014) . Practical considerations did in some cases influence group membership of a parent and infant, but this was not expected to bias the outcome and allocation to the intervention group and the control group was regarded as random.
Intervention programme
The Numbers in Nappies programme was based on concepts of numeracy in infants and young children, as explained by Doman and Doman (2005) and Shichida (1993) . The right brain or image brain is dominant between the ages of 0 and 3. Photographic memory is used to recall information, thus allowing immediate access to information stored in the memory. The more logical left brain relies on repetition to absorb information. The methodology used by Doman and Doman and Shichida involves showing simple flashcards with red dots to teach basic mathematics principles (i.e. quantity recognition and equations) using quantity, imaging and problem solving. The right brain enables recall of information from the flashcards, whereas the left brain is involved through consistent daily flashcard exposure over 2-3 months. The Numbers in Nappies programme was specifically developed as part of the present study and it has therefore not been previously evaluated.
The Numbers in Nappies programme exposes the infant to numbers, shapes and colours at a stage when learning takes place through visual, auditory and sensory stimulation. Imitation, problem solving, memory, number sense, and classification and attention maintenance are emphasised (Halberda, Mazzocco & Feigenson 2008) . These areas of cognitive development can be seen as the foundation for understanding numerical concepts and are important in the introduction of numbers, shapes and colours. Ten flashcards of shapes, colours or numbers are shown to the infant for approximately 2-3 s for each flashcard. The colours red, blue, green, yellow, orange, pink, purple, black, brown and grey are included. The shapes comprise the triangle, square, circle, diamond, rectangle, oval, semi-circle, star, hexagon and cross. In addition to showing dots representing the numbers 1-30, the number flashcards are also used to introduce the concepts of addition, subtraction, multiplication, greater than and less than. Stimuli are presented visually by means of the flashcard method and auditorily, through the parent's voice. The intervention programme is applied on a daily basis, two to three times a day, for approximately 1 min per session, over an average of 60 days. There is variation in the flashcards shown over this period.
The programme promotes bonding between the parent and the baby. The programme avoids the use of technology and the stimulation is presented through direct communication in a positive learning environment. Emphasis is placed on the infant's comfort and the need for affection and encouragement from the parent.
Measuring instrument
The instrument known as the Bayley Scales of Infant and Toddler Development was used in the present study as it enables a comprehensive assessment of the relevant cognitive, language and motor developmental areas. The third edition of the test, the BSID (III), was released in 2006, and the U.S. normative sample comprised typically developing children between 1 and 42 months of age (Bayley 2006) . Information supporting the reliability and validity of the test was reported in the technical manual (Bayley 2006) . Confirmation of the construct validity was provided by means of factor analysis and correlations with tests measuring related constructs (Albers & Grieve 2007) . Special group studies included research on prematurity, small for gestational age, Down syndrome, pervasive developmental disorder, asphyxia, cerebral palsy and language impairment (Bedford, Walton & Ahn 2013) .
Research in South Africa and other African countries has supported the value of the Bayley Scales in the local context (e.g. Brown 2009; Hutchings & Potterton 2014; Rademeyer & Jacklin 2013; Richter et al. 2016) . Moderate support was found for the predictive validity of the Bayley Scales in a longitudinal study involving primarily black African infants residing in an urban area in South Africa (Richter et al. 2016) . A sample with similar demographics was studied by Rademeyer and Jacklin (2013) but they specifically used the BSID (III) that was also used in the present study. Their findings also provided support for the use of the test in the South African context.
The Bayley Scales present the infant with situations that produce observable responses. The rationale is that even if a child cannot speak, such responses give an indication of how the child thinks, feels and interacts with the world around him or her. Albers and Grieve (2007) referred to a number of concepts of early cognition that were considered during the development of the BSID (III). These included concepts traditionally associated with the Bayley Scales, such as play, information processing and number concepts. In addition, more recent research on information processing and preverbal intelligence was also consulted.
The BSID (III) consists of the Cognitive Composite Scale (91 items), the Language Composite Scale (97 items) and the Motor Composite Scale (138 items). The Language Composite Scale comprises the receptive communication subtest (49 items) and the expressive language subtest (48 items), while the Motor Composite Scale comprises the fine motor subtest (66 items) and the gross motor subtest (72 items). The Cognitive Composite Scale assesses, amongst others, sensorimotor development, exploration and manipulation, object relatedness, concept formation, memory, habituation, visual acuity, visual preference and object permanence. From a professional point of view, the addition of a separate language scale can be regarded as an improvement (Albers & Grieve 2007 ). In the Language Composite Scale, a distinction is made between the ability to understand and respond to verbal stimuli and the ability to vocalise, communicate and name pictures and objects. The Motor Composite Scale distinguishes between fine and gross motor skills. The former includes skills involved in prehension, perceptual-motor integration, motor planning and motor speed while static positioning, dynamic movement and the quality of movement are assessed, amongst others, in the case of the latter.
In addition to the three cognitive subscales (the focus of the present study), each infant's parent or primary caregiver is required to complete two extra scales, the Social-Emotional Scale and the Adaptive Behaviour Scale, as well as a Behaviour Observation Inventory. The assessor also completes this inventory.
Subtest scores are converted to scaled scores with a mean of 10 and standard deviation of 3, while the scores for the composite scales are converted to composite scores with a mean of 100 and a standard deviation of 15.
The dynamic nature of child development implies challenges for the effective assessment thereof (Bedford et al. 2013 ). The complexity of each area of development needs to be considered together with the interdependence of the different domains (Meisels & Atkins-Burnett 1999) . Development could furthermore be affected by numerous factors and there is not necessarily continuity in development. 'Children may develop at different rates at different times' (Grieve & Foxcroft 2013:271) . This situation impacts negatively on the predictive validity of infant tests. However, this was not deemed a problem in the present study given the short time period between pre-and post-testing. Including a control group furthermore enabled the researchers to limit the impact of factors other than the intervention programme.
Data collection
An occupational therapist assessed all the infants with the BSID (III). A clinical psychologist supervised the assessment process and the participating parents as well as the researcher were also present during the assessment. The infants were assessed in their home language where possible, and each assessment took approximately an hour. The parents of the infants in the intervention group subsequently underwent training in the Numbers in Nappies programme and the programme was implemented. After approximately 2 months, the BSID (III) was again administered to all the infants. At this stage, the control group was also afforded an opportunity to participate in the Numbers in Nappies programme on a voluntary basis. Commitment was ensured by providing the parents with detail information on the study before it commenced. During the implementation phase, nine mothers from the intervention group also participated in discussions that were held every second week. The aim was to monitor parent participation in the programme and also to receive feedback on their experience of the programme and on their infants' responses and development.
Data analysis
To determine the effect of the intervention programme (the independent variable), the cognitive performance (dependent variable) of the infants in the intervention group was compared before and after the intervention programme was implemented. The performance of the infants in the intervention group was also compared to that of the control group before implementation (to set a baseline) and after implementation of the programme (to determine the effect thereof).
Descriptive statistics were calculated for all five composite scales (Cognitive, Language, Motor, Adaptive Behaviour and Social-Emotional) of the BSID (III). Within-group and between-group comparisons were done for the cognitive subscales using non-parametric tests (because the sample size was less than 100 participants). The Wilcoxon signed-rank test and the Mann-Whitney U test were used, respectively.
Preceding the comparisons on the cognitive scales, the effects of age and gender were explored to exclude possible alternative explanations as far as possible. No significant differences were found for the intervention or the control group. However, trends in the data indicated that the combined effect of age and gender had to be further explored. A larger sample would be preferable for such analysis.
Ethical considerations
Ethical clearance was obtained from the supervising university. Participation was voluntary and a consent form was signed by the participating parents. This included references to confidentiality, non-maleficence and beneficence. Participants were also free to withdraw at any stage during the study. The safety and comfort of the infants http://www.sajce.co.za
Open Access and the parents were a priority during the assessment and the intervention. The study focused on the group as a whole, but if there were any concerns regarding an individual infant, he or she was referred for further assessment.
Results
As indicated in Table 1 , the performance on all subscales was similar for the two groups at the first assessment. Scores on the cognitive subscales (Cognitive, Language and Motor) and the behavioural subscale (Adaptive Behaviour) were average, with high scores for the Social-Emotional Scale. Scores ranged between 96.38 and 119.38 for the intervention group and between 94.91 and 115.91 for the control group. There were numerical increases on all subscales for the intervention group after the intervention with scores ranging between 99.27 and 130.63 (Table 1) . This was especially clear in the case of the Cognitive Scale and the Social-Emotional Scale. In the case of the latter, performance was now in the very superior range.
The Wilcoxon signed-rank matched pairs test was used to further explore the differences between the scores on the cognitive subscales (the focus of the present study) for the intervention group before and after the intervention. The composite scores for the Cognitive Scale were rank ordered and ranks (negative ranks, positive ranks and ties) were compared. The results in Table 2 show that there was a significant increase after the intervention (Z = -4.32, p < 0.01). However, the intervention programme did not have a statistically significant effect in the case of the Language Scale (Z = -1.68, p = 0.09) or the Motor Scale (Z = -0.76, p = 0.45).
The Mann-Whitney U test was used to compare the performance on the cognitive subscales of the intervention group to that of the control group both before and after the intervention. As seen in Table 3 , no significant differences were found before the intervention on any of the subscales (Cognitive Scale U = 482, Z = -0.16; p = 0.83; Language Scale U = 507, Z = 0.19, p = 0.85; Motor Scale U = 582, Z = 1.23, p = 0.22). However, Table 4 shows that the intervention group scored significantly higher after the intervention on the Cognitive Scale (U = 732, Z = 3.32, p < 0.01). No significant effect of the intervention programme was found in the case of the Language Scale (U = 622, Z = 1.78, p = 0.07) or the Motor Scale (U = 595, Z = 1.14, p = 0.16).
Discussion
The objective of the study was to explore the effect of early infant exposure to the Numbers in Nappies programme on the infants' cognitive performance as measured on the BSID (III). An intervention and a control group of infants were assessed with the BSID (III) at the beginning of the study and again after approximately two months. In this time period, the Numbers in Nappies programme was implemented for the intervention group.
There were numerical increases on the cognitive subscales for the intervention group after the implementation of the programme. However, this increase was only significant in the case of the Cognitive Scale. When comparing the performance of the two groups on the cognitive subscales, no significant differences were found before the intervention. Only in the case of the Cognitive Scale was a significant difference found after the intervention. No significant result was found for the Language Scale and the Motor Scale. Numerical increases were noted for the intervention group on the Adaptive Behaviour Scale and the Social-Emotional Scale.
The significant improvement on the Cognitive Scale for those infants who did the intervention programme is supported by various studies (e.g. Campbell & Ramey 1994; Chickgoudar & Khadi 2001; Murray et al. 2016) . In these studies, significant improvements were reported in the cognitive development of the infants in the experimental group after intervention. Greater awareness of the role of cognitive stimulation was probably created by the intervention programme, resulting in the significantly higher score for the intervention group in comparison with the control group. The numerical increases in language and motor composite scores in the case of the intervention group reflected the expected trend after the infants' exposure to the stimulation programme. These results also provided support for the link that has been reported between cognitive and motor development (Campos et al. 2012 ). There were, however, no significant differences when comparing performance on these subscales before and after the intervention. It is possible that caregivers encourage language and motor skills more than cognitive abilities in the early months of life (Rademeyer & Jacklin 2013) . Natural encouragement in these two areas could partly explain a less pronounced impact when additional stimulation is provided. The type of stimulation and the nature of the sample could also have played a role. Chickgoudar and Khadi (2001) found significant improvements in motor development when using three-dimensional activities as stimulation. Based on the findings by Russel et al. (2016) , it is also hypothesised that the effect of the intervention programme would be more pronounced in the case of diagnosed developmental delays.
The emphasis of the present study was on cognitive performance, but it was interesting to note that although there were no significant increases in the case of adaptive behaviour, a significant increase was evident in terms of the infants' social-emotional functioning after exposure to the intervention programme. Adaptive behaviour is usually assessed in circumstances where there are developmental concerns, because an infant's adaptive behaviour is linked to the other areas of development (Windsor et al. 2007) . A more noticeable intervention effect would be expected under these circumstances. The absence of developmental delays in the present study implied that differences in the composite score means for the two groups on the behavioural scale were not necessarily anticipated. A slight numerical increase in the second assessment for both groups could be because of the fact that the infants were slightly older.
The increase in social-emotional functioning from 'high' to 'very superior' could be attributed to the added stimulation provided by the parents during the intervention. The mediating effect of carer-infant interactions in the case of both cognitive and social-emotional outcomes has been reported previously (e.g. Murray et al. 2016 ).
Gender and age did not seem to affect the performance of the present sample. However, this finding should be further explored with a larger sample of infants. It would be important to consider a potential interactive effect between these two variables (Rademeyer & Jacklin 2013 ).
This study should be regarded as a foundation for further research, and the results should not be generalised without replication on a larger and more representative sample in terms of ethnicity, socioeconomic status and regional area. Justification was provided for including participants from the middle-income sector, but it is especially the risk factors in less privileged communities that necessitate this type of intervention. The role of the test administrator is more pronounced in infant assessment, and repetition in different contexts is therefore advisable. A more structured evaluation of the implementation of the programme by the parents is also recommended.
Infant tests of cognitive ability per se are not regarded as the most effective predictive index of future abilities and functioning, because of the strong impact of the child's home environment (Meisels & Atkins-Burnett 1999) . On the other hand, supportive results have been found for the long-term effect of early development programmes (Frede et al. 2009; Hsiao & Richter 2014) probably because these programmes target the contextual impact. Longitudinal studies are nevertheless recommended to determine if the foundations laid in the first year of life with the Numbers in Nappies programme have an impact later on in the child's school career.
Conclusions
The cognitive development of infants can be improved when they are nurtured in an environment that is physically and socially encouraging. Socioeconomic constraints imply that many South African parents struggle to provide cognitively stimulating homes for their children (Brown 2009) , and without early intervention, many children born into economically disadvantaged families fail to reach their potential (Ramey & Ramey 1999) . A cost-effective intervention programme could enable parents to provide educational stimulation for their infants in a home environment. Intervention at such an early age does not form part of the formal education system, and support from private and nongovernment organisations to parents and primary caregivers would imply a potentially broader implementation of the Numbers in Nappies programme.
The physical and social environments play a role in the acquisition of cognitive, language, motor and social skills, but infants are mainly interested in learning from people. The individual experiences provided in the present programme create opportunities for new growth and refine existing structures, thus enhancing experience-dependent development. The findings of this study support the view that appropriate intervention taps into the cognitive processing potential of infants, therefore increasing their cognitive ability and enhancing their social-emotional functioning.
